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In recent years several investigators have experimentally produced mal¬ 
formations in developing embryos* These investigations are of particular 
interest to biologists and medical scientists# The gaining of some insight 
into the mechanisms of the experimental production of malformations, might 
lead to some understanding of the causes of similar conditions as they oc¬ 
cur in man* 
Hormones, chemicals, X-radiations and to a lesser degree oxygen tensions 
have been found to possess teratogenic properties# Most of the recent in¬ 
vestigators have given consideration to the gross abnormalities produced in 
their experimental animals* Hicks (*S>3) made a rather thorough analysis of 
the effect of X-radiation on the developing rat brain* 
In this investigation the attempt was made to determine whether or not 
trypan blue injections cause any discernible abnormalities in the brain of 
7 and 12 day old rat embryos# 
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CHAPTER II 
REVIEW' OF LITERATURE 
A review of the literature shows that there are several agents capable 
of producing abnormalities in the offsprings of experimental animals* Most 
of the agents used to produce such malformations have been dyes, mustard 
gas, X-radiation and hormones* 
Hamburgh (*5U) injected pregnant albino mice with one cubic centimeter 
of $% trypan blue on the 7th day of pregnancy and removed embryos from the 
mother from the 7th through the llith day* He observed abnormalities in the 
anterior and posterior axes of the embryos* Abnormalities of the anterior 
axis appeared more frequently in the brain and those of the posterior axis 
occurred in the tail* Wilson (*5U) performed a group of experiments in 
which he injected a series of pregnant rats with ll; azo dyes. The rats were 
injected on the 7th, 8th and 9th days of pregnancy and were allowed to con¬ 
tinue gestation through the 20th day* Trypan blue was found to be the most 
effective in producing abnormalities in developing embryos* He further ob¬ 
served that the highest incidence of abnormalities occurred in the brain* 
Carter and Waddington (’£2) injected pregnant rats on the 7th day of preg¬ 
nancy with one half cubic centimeter of one per cent trypan blue and removed 
embiyos for examination from the 8th through the llith day* In their experi¬ 
ment, abnormalities were found in the development of the neural canal and 
pericardium* 
Studies on the effect of X-radiation have been made on embiyos, fetal 
and young animals* Baldwin (*22) X-radiated from eggs with two millimeters 
of current at 35 kv* from two to 30 minutes* Those that survived had heads 
of reduced lengths, widths and breadths* The neural tube was large and 
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degeneration was apparent before the cellular layers of the neural tubes were 
distinct* Bagg (122) studied the effects of radium emanation by injecting 
pregnant rats with radio-active solutions and by gamma ray radiations. The 
results of both methods were rather constant. Reduced cerebral hemispheres 
and atrophied optic tracts were observed. Wilson and Karr (’ 31) made in¬ 
cisions in the abdominal wall of rats on the 10th day of gestation. The 
mothers were covered with a protective shield and the embryos were X-rayed 
directly through the incision in the abdominal wall. Quanities of 30, 100, 
200, 300 and J4.OO Roentgen rays were used on different rat embryos. Their 
results were as follows. Exposure to $0 Roentgen rays had no appreciable ef¬ 
fect on development. Exposure to 100 Roentgen rays increased the incidence 
of deaths and produced abnormally developed eyes in the surviving embryos. 
Exposure to more than 100 Roentgen rays resulted in earlier intrauterine 
deaths. Wilson, Jordan and Brent (*33) used the same procedure as above and 
irradiated different 9 day old rat embryos with 23> £0, 100, 200, 300 and 
UOO Roentgen rays. Exposure to 23 Roentgen rays resulted in abnormally de¬ 
veloped eyes. Exposure to 30 Roentgen rays caused retardation in growth, de¬ 
formed brain and spinal cord. When they were exposed to more than 100 
Roentgen rays, depending upon the intensity of the rsys, retardation of growth 
or death occurred. 
Hicks ('33) used ionizing radiations, radiomimetic drugs and cortisone 
to study the cause of some of the abnormalities produced in offsprings. He 
found that ionizing radiations, at even low doses, damaged the primitive 
neuroblasts and spongioblasts of embiyonic, fetal and young animals. Radi¬ 
omimetic drugs such as nitrogen mustard and certain sulfur containing com¬ 
pounds selectively desttoyed the radiosensitive neuroblasts and spongio¬ 
blasts. Cortisone damaged the more mature neurons. 
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Bodenstein (*55) tested the effect of nitrogen mustard on amphibian de¬ 
velopment by exposing the eggs of Amblystoma punotatum to a one thousandths 
per cent solution of nitrogen mustard for minutes. Analyses of the de¬ 
veloping snbryos revealed that nitrogen mustard caused mitotic activity to 
cease. It also caused an enlargement of the rapidly dividing cells of the 
booty- such as those of the germinal zone of the eye, the neural tube and the 
spinal ganglia, HaskLn (*119) injected pregnant rats -with five tenths milli¬ 
grams per kilogram of body weight doses of nitrogen mustard from the 12th 
through the 15>th day of gestation. The surviving embryos were fixed and ex¬ 
amined, The sizes and weights of the embryos were subnormal; cranial defects 
were in the occipital region; the jaw and palate were underdeveloped# 
Frazier, Kalter, Walker and Fainstat (*5>3) tested the teratogenic effect 
of cortisone by injecting two and five tenths milligrams intramuscularly in¬ 
to pregnant rats for U days. The defects were analyzed genetically and found 
to be polyfactorial, depending partly on the genotype of the mother and 
partly on that of the offspring# He found that cortisone interfered with 
the closure of the palate by delaying the rotation of the palatine bars from 
the sagittal to the transverse plane. 
Several investigators have found that déficiences in the diet of pregnant 
experimental animals will produce abnormalities in developing embryos# 
Overholster, ?/hitley and Hogan (Tî>2) fed pregnant rats diets that were de¬ 
ficient in folic acid and vitamin B# Enibryos were taken from the mother 
from the l£th through the 18th day of gestation. They were fixed and exam¬ 
ined, Occulsions of the cerebral aqueduct and congenital hydrocephalus were 
observed 
CHAPTER III 
MATERIALS AMD METHODS 
The animals used in this investigation were albino rats of the Sherman 
strain. Some of the animals used were from the stock colony, which were 
shipped from Rockland Farms in New York} others were raised in the Biologi¬ 
cal Laboratories at Atlanta University. 
The estrous cycle of all females used was determined from vaginal smears. 
The instrument used for making the smears was a small blunt flexible probe. 
Sterile cotton was wrapped tightly around the probe, moistened in saline, 
partially inserted into the vagina through its orifice and immediately with¬ 
drawn. The smears were examined for non-nucleated epithelial cells which 
are indicative of estrous. These animals are nocturnal} therefore, the male 
and female that were mated were placed in the same cage in late afternoon. 
The females were examined the following morning for the copulation plug. The 
copulation plug is not indicative of fertilization} therefore, the animals 
were weighed each day after mating. If there was a consistent gain in weight 
from the morning following mating to the 12th day, the animals were assumed 
to be pregnant. 
On the 7th day of pregnancy the experimental animals were anesthetized 
with ether and injected subcutaneously with one half cubic centimeter of a 
one per cent trypan blue solution. The trypan blue Solution was made by 
adding one gram of the granulated dye to 100 cc. of distilled water. Preg¬ 
nancy was allowed to continue to the 12th day* 
The animals were killed by a blow on the head} an incision was made in 
the abdominal wall through which the gravid uterus was removed. 
The uterus was put in Bouin* s fluid and after one half hour the embryos 
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were dissected out and fixed for an additional 2k hours* They were washed 
in several changes of 70% alcohol* Some were preserved in 70$ alcohol for 
gross examination and others were sectioned and stained with hematoxylin 
and eosin for microscopic studies. 
The 7 and 12 day control embryos„ were prepared for histological studies 
in the same way that the experimental embryos were prepared* 
CHAPTER IV 
EXPERIMENTAL RESULTS 
Description of the Normal Embryos 
In this investigation 7 and 12 day normal embryos were used for com¬ 
parison with the experimental embryos (figs* 1, 2, 3 and U)* In the 7 day 
normal embryo, organogenesis is just beginning. The very early formation 
of the nervous system is discernible* At 12 days of gestation, the nervous 
system is the most mighly developed of all other systems* The circulatory 
and digestive systems have developed considerably* 
In this investigation, 16 experimental embryos were examined for ab¬ 
normalities in the developing brain* Distorted luraina, abnormal cellular 
migration, latent development and bineurism were the abnormalities observed* 
Description of the Experimental Embryos 
Distortions >—^ix of the 16 embryos examined had distorted lumina of the 
diencephalon (fig* $)% In one embryo, in addition to the diencephalic lumen, 
the lumen of the telencephalon was distorted, while in another the mesen¬ 
cephalic and metencephalic lumina were distorted* They were associated 
either with the development of the eye, or with abnormal migration of cells 
into the lumina of the brain vesicles* 
Cellular Migrations .—Abnormal cellular migration was seen in $ of the 
experimental embryos* In one embryo, individual cells had migrated into 
the lumen of the dieneephalon (fig* 6)* Although this is not cellular migra¬ 
tion, but in another anbryo the telencephalic wall had invaginated (fig. 7)* 
In places where the invaginated portion was not in contact with the telen- 
cqjhalic wall proper, the invagination had the appearance of a compact mass 
of cells that had migrated into the lumen. 
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Latent Development»—«Three embryos from three different litters lagged 
in their development. Two of the embryos had advanced only to a stage com¬ 
parable to that of the 7 day normal embiyo (figs# 8 and 9)# The developing 
forebrain was discernible in the other embryo# Cells had migrated into its 
lumen# 
Bineurism»—This designation may be inappropriate, but there was one 
embryo in which two diencephalons, telencephalons and myelencephalons had de¬ 
veloped (figs# 10 and ll)# 
Abnormalities were observed in 10 of the 16 embryos examined (table l)# 
More embryos exhibited distorted lumina than any other defect# Next in or¬ 
der was abnormal cellular migration, latent development and bineurism re¬ 
spectively# 
In litter I, latent development and bineurism were observed» whereas in 
litter II, distorted lumina, abnormal cellular migration and latent develop¬ 
ment were seen# The third litter exhibited distorted lumina and abnormal 
cellular migrations (table 2)# 
CHAPTER V 
DISCUSSION 
The appearance of distorted lumina in the developing embryos was always 
associated either with the development of the eye, or with the abnormal mi¬ 
gration of cells* When the distortion was associated with the development 
of the eyes, the two eyes, in most instances, developed in different axes* 
In such embryos, the distortion was associated with à widening of the choroid 
fissure* When associated with abnormal cellular migration, the neuroblasts 
pushed the internal limiting membrane into the lumen of the brain or the neu¬ 
roblasts moved externally (i*e*, migrated into the adjacent mesenchyme) in 
masses and these secondarily became cavernous * 
Normally, after mitosis occurs the ependymal cells migrate to the mantle 
layer* In this instance, however, the cells migrated into the lumen* 
Rugh (’53) worked with X-radiated amphibian embryos and observed dis¬ 
torted lumina of the myelencephalons. According to Rugh differentiating 
neuroblasts are radiosensitive* Rugh was able to recognize pycnotic neuclei 
in the neuroblasts of the brain wall, 
Hicks (»53) worked with embryos that had been exposed to X-rays and found 
neuroblasts in the lumen of the diencephalon. In this investigation, a simi¬ 
lar phenomenon was observed. The cells in the brain wall of all embryos ap¬ 
peared to have been normal. This is contrary to the findings of Hicks* He 
observed both pycnoses and necroses in the nuclei of the neuroblasts in the 
brain wall of X-rayed, rat embryos. 
Unlike X-radiation, trypan blue causes neither pycnoses nor necroses of 
the nuclei in the neuroblasts in the brain wall* Mitotic figures were ob¬ 




Hicks (*53) found that X-radiation retarded protein synthesis by the 
neuroblasts# It might be that tiypan blue has a similar action, then a pro¬ 
tein deficiency could lead to weakened or ruptured limiting membrane# This 
could allow for the invagination of the brain wall and/or the passing of 
cells into the lumen of the brain# 
The mechanism of the action of trypan blue is not known. The site of 
attack is also unknown# It is not known whether the dye attacks the material 
tissues first and secondarily exerts its effect on the embiyo, or whether it 
attacks the embryonic tissues directly# Wilson ('£10 suggested that the 
molecular make up of the dye might in some way be related to its action# 
In this investigation, it is believed that trypan blue attacked the em¬ 
bryo at the onset of organogenesis, and that it affected the integrity of 
the supporting tissue of the nervous system# This may have been done in two 
ways# First, it may have interfered with the differentiation of spongio¬ 
blasts into neuroglia# Secondly, it may have altered the protein synthesis 
by the neuroblasts# 
Two of the embryos that lagged in their development were approximately 
£ days behind all others# The three germ layers could be distinguished# It 
is true that all ova are not fertilized ab the same time, therefore, embryos 
will be found at slightly different stages of development in the same litter# 
In the one in which organogenesis is just beginning, the early development of 
the forebrain was discernible# The probability of late fertilization was 
ruled out# According to Arey (’£U) sperms are not normally viable for U or 
£ days # 
Willier (’53) characterized £ phases of embryonic development# These 
were (a) morphogenesis (b) organogenesis (c) initial functional development 
(d) functional integration and (e) functional maturation# A teratogenic 
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substance that attacks an embryo at any of these stages can alter the proper 
sequence and time scale of development# It seems that the entity, whatever 
It is, that initiates organogenesis was temporarily retarded in these embryos 
by trypan blue# 
There was one organism in which two dieneephalons, telencephalons, and 
myelencephalons appeared# Several experimental embryology textbooks give 
accounts of the experimental production of two brain vesicles* 
Organogenesis does not begin until after gastrulation; it might be that 
trypan blue exerted its effect at the onset of organogenesis# Bineurism may 
have come about either by a division of the neural ectoderm, or a division 
of the prechordal plate and/or the notochord# Embryologists agree that in 
vertebrates, the nervous system is derived from the neural ectoderm# Some 
embryologists have shown that in amphibians the prechordal plate induces the 
formation of the head region of the embryo# According to Boyd ( '5U), it is 
generally believed by most anatomists that the same phenomenon occurs in 
mammals# If, therefore, this were the case in this investigation, it seems 
apparent that two developing brains would result# 
CHAPTER VI 
SUMMARY AM) CONCLUSIONS 
1# Pregnant female rats were injected on the 7th day of gestation with 
one half cubic centimeter of trypan blue* Pregnancy was allowed to 
continue to the 12th day. The pregnant female rats were then killed* 
The embryos were dissected out of the uterus, fixed, sectioned and 
stained for microscopic studies * 
2* Distorted lumina, abnormal cellular migration, retarded development 
and bineurism were observed* 
3* It is believed that trypan blue interfered with the proper differenti¬ 
ation of spongioblasts into neuroglia* 
lu The results indicate that trypan blue exerted its effects in the early 
phase of organogenesis. 
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TABLE 1 
THE EXTENT OF DEFECTS IN EACH EMBRYO 
Embryonic Malformations 
Embryo Number   
Distorted ' (jellular Latent Binuerism 
Lumina Migrations Development  
1 - - 
2 / - - - 
3 - / - 
4 - - - 
- / - - 
6' 
*7 
- - - 
( 
8 - - 
9 / - - - 
10 - - - - 
n - - 
12 « mm - - 
13 - - - 
Ik mm mm - - 
13 - - - - 
16 - - - 
/ " Condition Present 
- - Condition Absent 
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TABLE 2 
THE EXTENT OF DEFECTS JM EACH LITTER 
Number of Embryos Per Litter in ■which Defects Occur 
Litter Number of Distorted Cellular Latent Bineurism 
Litter-mates Lumina Migrations Development 
I 3 None None 2 1 
II U 2 2 10 
in 9 h 3 oo 
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PLATE I* 
(Explanation of Figures) 




(Explanation of Figuras) 
1* Section Showing the Extent of Development of a 7 Day Normal Embryo# 
2# Section Through the Telencephalon of a 12 Day Normal Embryo* 
3* Section Through the Diencephalon of a 12 Day Normal Embryo# 

PLATE II 
(Explanation of Figures) 
(Explanation of Figures) 
h• Section Through the Myelencephalon of a 12 Day Normal Embryo* 
f>* Section Through the Diencephalon of an Experimental 12 Day Embryo 
Showing Distortion of the Lumen* 
6# Section Through the Diencephalon of an Experimental 12 Day Embryo 
Showing Migration of Cells Into the Lumen. 

PLATE III 
(Explanation of Figures) 
19, 
(Explanation of Figures) 
7. Section Through the Telencephalon of an Experimental 12 Day Embryo 
Showing Invagination of the Brain Wall. 
8# Section Showing Retarded Development in a 12 Day Experimental Embryo# 




(Explanation of Figures) 
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(Explanation of Figures:) 
10* Section Showing the Development of Two Diencephalons and Two 
Telencephalons in a 12 Day Experimental Embryo. 
11. Section Showing the Development of Two Myelencephalons in a 12 D^r 
Experimental Embiyo. 

